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The lift-producing effectiveness and plaa-fom.chaX.acterietice 
of a 45O ewepkkack c m t a n h h o r d .  flap on 8 modified gla?l form of 
the sane aspect r a t i o  a d  vertex angle were  a l e 0  measured and are 
presented i n  the report. 

The w e  of lcrw;-asyecLratio w i n g s  of triangular plgn form has 
been suggested in.reference.1 and elsewhere aEi m e  meewls of achievin@; 
moderate supersonic aweds. Theoretical analyses of the lift a d  
wave-drag characteristics a t  supersanic speede are presented in 
referencea 2, 3, and 4. Vary l i t t l e  ' informtion has been published, 
however, about the apylication of control surfaces to such a plan 
fomn. The present report is cohcenea with the relat ive effective- 
nesa of different types a f  control. surfacee, parttcularly in the 
transonic speed range. 

A prellmfnary eurVey af ,WE problepl he;s been conducted by the 
W C A  wing"f l0w method, which ie described in refereme 5. Simple 
half-epan flat-plate models with a m  beveled leading and trailing 
edgee were used. The lift and pitching+nauen-k characteristics or' 
three W f a r e n t  type3 of trailing-dge and t i p  f h p e  w e r e  m~asured 
in t h e  Mack nuPnber range from 0.50 to 1.10. The Rep-olds number 
r w e  m a  500,000 to 1,300,000. The inveetigatioa wae conducted 
on a tr1anguh.r plan form of aspect  ratio.two, semivertex angle 
of 26.6', using & fbp-area to. t O t a l - a ; r € 3 8  ratio of 0,20, m e  plun 
form selected ie the subject o;l' a general cooriiimtsd research 
program on 1uw-mpact"ratio w b g s  now baing conducted at t h e  
Ames Aeronautical Laboratory. 

In order t o  permit qualitative cnmprison of the results 
obtcined i n  the 'prwe~lt teetEr w i t h  Imm trsnda (reference 6), a 43* 
awapt-back constant-chord f l a p  W ~ B  teetea on 4 modlflad plan Form of 
the same aspect mtio and semivertex m g l e  QEI the trianguLar w i n g .  

k 

b 

CIU 



. 
3 

Me tbod 



4 
* .  

NACA RM No, ~ 7 ~ 1 8  

m m n t  about the m o d 9 1  7514. axis. These measuremente were &e 
throughout the test range of k c h  numbor f o r  several deflections 
of each type of f l a p .  The an@;le--of+ttack and pitchingaomnt 
data were then corrected to   ze r+ l i f t  canditiona wing normal- 
force curve sPo-paa determined by t e s t a  a 'mpresentative m o d e l  
of eaoh plan form on a three-componsnt balance which waa driven 
continuowly to vaxy the angle o f  &tack. 

A photograph of the series of mode&s. t .eated i s  presented Ln 
figure 1. The detailed dimensions are,: given in fi& 2. Each 
model wae f i t t e d  with aa end p l a t e  of the type in figure 3 
t o  mlnimize t h e  effect  of tha Blot cut in  the t e s t .  &ation &in 
to penult the m o d e l  to rotate. 

The control-flap angles wero obtained by bonding the nodele 
a long  the desired hinga l i m a .  %he edgea of tho flaps in the bent 
condition m r a  straight within k0.Q inch. The grooms m h l m d  
near t h o  hi- llnes to provide re l ief  for the bending operatione 
were fflleci with putty, &e can be sew ia f i p r a  1, and rubbed 
down t o  a smooth contour. 

Bala.nce6 - 
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the mean gemotric chords & the models, 4.0 kchas  for the 
t r i a n g u h r  plan form ma 3.25 inchee for the mep&bcck plan 
folm. The cu.rve.o ah- are avera~e valuee, hav- Seen CCanpUkd 
by asaumiw fteirbropic expamion t o  the test  station frm the 
ENCA 84xmWd atmosphere at the tes t .pressure  a l t i txde o f  
15,000 -feet .  Ccrapted deviatians from the curves of figure 6 
caused by differences in  the freenair temperature and the preSBUre 
altitude were found net t o  exceed A5 percent. 
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m e  accuracy of the  floating-balance pitching-moment data is 
limited by the sensitLvity of the recording gakvanomter and the 
e f fec t  of ambiellt-temperature changes gn the zer-load reading of 
the st rai r rgage  e lectr ical  circldt. The correct zero reading W&B 
determhed by r epea tbg  the fligh-Ltest procedure with no model in 
place. Agreement obtalned on difr 'ereit  fl$ghts at slmilar babnce 
cmprtment tempratme8 ind5catea that this  correction techntque 
reduced the zero shift error to the o r b r  of a h. of -I-C!.002 at 
a Mach nmber of 0.5, me remainder of the scatter indicated in 
figme 9 is attributed t o  insufficient galvanoaneter senait ivlty.  

AnglMf+tttack meaauremnts i n  the driven balance are very 
similar to those of the f lca t ing  balance discussed previouely.  
!The expected  accqacg is the same, sto.80. - 

Strain-gage measurements of the n o m 1  force and pitching 
moment are eubject t o  the sauae zero-shift corpction discussed 
for the floating-lxXhnce pitching moments. The zero-shift errore 
i n  t h i s  m.88, win at a Mach number of 0.50, are equivalent t o  
.+o.o1 cW m a  a0,004 h. 

Continuous oaci l la t ian of the model auring the run8 introduced 
another error in the form of: hysteresis which c a n  be obeerved by 
c m p x i n g  the data f o r  increasing and bscrea&Tng angles of attack 
in figures 10 asd U. 'This ef fec t  is very pronounced in the 
p3.tchlng-momsnt data.. (See fig. U.) It should be note& that the 
data are  used i n  this wport pr inc ip l lg  in the form of the elopea 
aCm/dcs and dCm/dC, and that these value6 are not affected by the 
directLon of rotat ion of t he  moCeL. 

Due ta a slfght ae-try of the normal-force gages about t he  
neutral axia of the balance epindle, there was  sama interaction 
between b e g  and llft a%.hi& lade. lh order t o  avoih errors 



The normal-force coefficients were ccmputed .as E/4.3) x 
Prom the data of f igwe 9. The normsl-f orce curve elopes dCn/&, 
which am preaented In f igwee  14 and 15 ae  a Z%xticm cf Mach 
numb'er, were determined f r o m  the data obtained an the driven 
balanoe. (See figs. 10 and 12, ) A n  exaaple of this correction 
procedure is presented in figure 16. me asqmption has been mado 
that dCm/da is E Punc t im .  of plan form cmly and is not affeuted 
by flap.deflectiop: This .assumption is. supported by the data of 
figure 14 showing the.narml-rforce curve 8 1 0 ~  unaffected by the 
oonstanCchord flap deflected 15.2', ' 
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R e p o l d s  Hmber and Separation Effects 



then tested w i t h  the edges polisbed t o  a small radiue. Althovgh LIe  
a o t u a l  extent cf se-tion and the ~JIIDW% it was affected by 
round&@ €we.unlrnm, there k a  no appreciable effect  an the test 
resfits; all other models were tested in the rounded coid5tion' o d g .  

Flap EfT ectivenees 
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rapidly to 70 percent of' their  lawepeed effecti%ne'ds at  a Mach 
number of 1.075 . .  

. I  

AS w o d a  be expected-the b o p  in  effectiveness ' o f  the 450 
swept-back flag is  delayed to about a Mach  number of 1.0. There is 
no evidence of the recovery noted on t h e  - t ; r ~ ~ ~ n ( ~ u ~ a r  h ~ f o r m  
cmlzols; hawever,  it seems reaeomb3.e to assume that it would 
probably occur above the highest Mach number which ccruld be reached 
in the teets,  1-10. 

Abme a Mach number of 1.00 the cons tanhhord  and triangular 
drooped-tip f h p  cbaractorietics  become limax at the hwhest 
angles tested; whereas tbose of the constant-percent-chord flap 
begin t o  fa11 off at  6f = 150. It w i l l  be noted from figure 18. 
that the tendency to rscwer the low sgead da/aQ a l s o  waa b a s  
pronounced with this f l ap .  s .  

-.- The a b i l i t y  of the t h r o e  
triangulaz plan-form contro3.e to produce a change in pitching 
moment about the 5/4 (50-percenb-root chord) axis  I s  &n.mmarized 
in figure 21. The characteristic8 agw very similar t o  the lift 
effectiveness  discussod previously except that the mlnimm 
off~ctiveriess occurs a t  slfghtly lower Mach numbers and the 
tendency t o  recover at euperscnlic speeb ie more pronounce$. The 
data do not ind.ical% mfi'iciant differences in effoctiveness between 
the constant-chced and c&tant-prcentrchord flaps to 'povide my 
basis for selecting tho best type of' ccratrol, 
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